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AUTOMATED LIQUID DISPENSER CONTROL U U f U O r I 

The present invention relates generally 
to automated liquid dispensers and more particularly 
to electronic control for a bench-top laboratory 

5 instr\ament which employs one or more easily demount- 
able precision metering syringes reciprocated in 
response to a programmed microprocessor or computer 
control for selectively dispensing reagent or dilut- 
ing seunples with reagent and other common normally 

10 manual laboratory procedures. 

The invention improves the state of the 
art by providing a precision laboratory instrument 
which: automates many common normally manual liquid 
handling laboratory procedures with improved accur- 

15 acy^ precision r speed and reproducibility; is cap- 
able of local microprocessor or remote computer 
control; provides precise servo control for each 
of a plurality of syringes which is responsive 
to the syringe piston velocity^ direction and 

20 position and compensates for mechanical backlash; 
and discloses a simple valve actuator and control 
for a plastic valve having planar seating faces 
which minimizes face wear. 

Specif ically, the present invention pro- 

25 vides an automated liquid dispenser comprising: a 
frame; at least one demountable precision metering 
syringe mounted on the frame; a motor driven syringe 
actuator for each metering syringe; valve means for 
selectively connecting the cylinder of each meter- 

30 ing syringe to one of a sample probe, reagent reser- 
voir, atmosphere or another syringe cylinder; a 
valve actuator for selecting the position for each 
valve; and a microprocessor controller for the 
syringe and valve actuators programed in response 

35 to a preselected sequence of operating commands. 

The present invention also provides in 
an automated liquid dispenser having, a frame, at 
least one precision metering syringe with a pre- 
cision bored cylinder and a piston carried on a 
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piston rod reciprocable within the cylinder, valve 
means for selectively connecting the syringe 
cylinder to one or more of a set of intake and 
delivery valve ports and a motor driven syringe 
5 actuator on the frame for reciprocating the 

syringe, an improved quick-release chucking "arrange- 
ment comprising: a first mounting means on the 
blind end of the cylinder; clamp means for mechan- 
ically clamping the first mounting means and cylin- 
10 der to the valve means in fluid-tight communication; 
a second magnetic mounting means on the piston rod 
external to the cylinder; and permanent magnet means 
on the syringe actuator for holding the magnetic 
mounting means securely to. the actuator. 
15 The present invention further provides a 

valve comprisdLng a valve body having a valve seat 
and ports passing through the surface of the valve 
seat each for communication with a separate fluid 
conduit; a valve rotor having a seating face shaped 
20 in conformance with the valve seat and seated in 
fluid-tight contact with the valve seat; a fluid 
communication groove formed in the seating face of 
the rotor to commimicate selectively a pair of 
valve ports with one another; and spring bias means 
25 pressing the seating face of the rotor into fluid- 
tight contact with the valve seat, 

' The present invention also provides in 
an automated liquid dispenser having at least one 
metering syringe with a precision bored cylinder 
30 and a piston reciprocable within the cylinder, 

valve means for selectively connecting the syringe 
cylinder to one or more of a set of intake and 
delivery valve ports, a syringe actuator having a 
threaded lead-screw and a lead-screw nut for recip- 
35 rocating the piston within the syringe cylinder, 

an improved servo controlled drive means for rotat- 
ing the lead- screw and lead- screw nut relative to 
one another comprising: a bi-directional variable 
speed motor rotating one or the other of the lead- 
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screw and nut; an encoder developing from the motor 
rotation a train of pulses each representative of 
an increment of piston travel with their repetition 
rate representative of piston velocity; a driver 
for said motor; a position counter accumulating 
the pulses in said encoder pulse train; a micro- 
processor for polling the position counter and com- 
paring its acctxmulated count to a predetermined 
memory-stored count representative of lengths of 
piston stroke, and for disabling the motor driver 
when the accumulated count in the position counter 
reaches the memory— stored count corresponding to 
a preselected stroke length. 

Moreover, the present invention provides 
a hand-held probe for manipulating flexible pipette 
tvibing in an automated liquid dispenser comprising: 
a handle having an internal bore; a tube holder 
sleeved within the handle bore and itself having 
a central bore for receiving the flexible. pipette 
tubing, one end of the tube holder having a reversed 
curvature shape adjacent the handle to restrain 
movement of the flexible pipette tubing by frictional 
engagement of it against the walls of the bore at 
the reverse curvature. 

The objects and advantages of the invention 
will become apparent upon consideration of the follow- 
ing written description and the accompanying draw- 
ings wherein: 

FIG. 1 is an overall perspective view of 
the liquid dispenser with dual syringes; 

FIG. 2 is a partial perspective view il- 
lustrating a typical metering syringe and the actuator 
and valve means for it; 

FIG. 2A is an elevational view of the po- 
sition detector disc configuration shown in FIG. 2; 

FIG, 3 is a vertical cross-sectional view 
of the instrument taken along line 3-3 of FIG. 1; 

FIG. 4 is a plan view of one form of key- 
board for the instrument taken along line 4-4 of 
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FIG. 3, 

FIG* 5 is a vertical sectional view of the 
lead-screw drive for one syringe actuator taken 
along line 5-5 of FIG. 1; 

FIG. 6 is a top view of the lead-screw 
nut and its clamping arrangement taken along line 
6-6 of FIG. 5; 

FIG. 7 is an exploded view of the internal 
lead-screw drive for each syringe actuator; 

FIG. 8 is a vertical sectional view of 
the valve means for each syringe taken along line 
8-8 of FIG. 1; 

FIG. 9 is a plan view partly in section 
of the valve means and valve actuator taken along 
line 9-9 of FIG. 8; 

FIG. 10 is a vertical, partially sectional 
view of the valve means taken along line 10-10 of 
FIG. 8; 

FIG. 11 is an exploded view of the valve 
means and valve actuator for each metering syringe; 

FIG. 12 illustrates the valving configur- 
ation for a dispenser with two syringes as shown 
in FIG. 1; 

FIG. 13 illustrates the valving arrange- 
ment for a dispenser with three syringes for exam- 
ple; 

FIG. 14 is a vertical sectional view of 
a small bore syringe used in the instrument; 

FIG. 15 is a vertical sectional view of 
a large bore syringe used in the instrument; and 

FIG. 16 is an exploded view of the meter- 
ing syringe components; 

FIG. 17 is an overall perspective view 
of the liquid dispenser with a single syringe; - 

FIG. 18' is an enlarged perspective view 
of the probe illustrated in FIGS. 1 and 17; 

FIG. 19 is a cross-sectional view of the 
probe showing its internal construction; 



r 
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FIG. 20 is a cross-sectional view of the 
probe taken along line 20-20 of FIG- 19; and 

FIG. 21 is a schematic block diagram 
of the microprocessor control and other elec- 
5 tronics for the illustrated dispenser. 

The instriiment illustrated in FIG. 1 
is designed for actuation of two precision metering 
syringes. The invention also is useful in the form 
of a single syringe shown in FIG. 17 or more than 
10 two syringes with appropriate valving and actuator 
changes which will be apparent from a consider- 
ation of the following description. 

The illustrated instrument includes one 
or more precision metering syringes 1 arranged for 
15 drawing sample by means of probe 2 from a test tvibe 
3, for example r or for dispensing sample or reagent- 
diluted sample into test tube 3 ' , shown in hidden 
lines in FIGS. 1 and 17. The instrument is capable 
of withdrawing reagent from a reservoir, such as 
20 from beaker 4, and then using it to dilute a sample 
or otherwise to be dispensed from the probe 2. 

Each metering syringe 1 mounts upon a 
syringe actuator, referred to generally as 5, 
in FIG. 2 at its rod end and is in fluidr-tight 
25 coram\inication with valve means 6 in FIG. 2. The 
syringe actuator 5, valve means 6 and its valve 
actuator, referred to generally as 7, mount upon 
a rigid frame 8. A housing 9 of chemical resistant ^ 
material encloses the working components of the 
30 instrument apart from the metering syringes which 
are open for observation and ease of removal and 
replacement. A keyboard 10 for local microprocessor 
control mounts on the housing 9 on the front of the 
instrument adjacent to the metering syringes. 
35 Each metering syringe, as is more par- 

ticularly shown in FIGS. 14-16, comprises a pre- 
cision ground glass cylinder 15 and a piston 16 
carried on a piston rod 17 reciprocable within the 
cylinder. A connecting flange and seat 18 seals 
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upon the blind end of the cylinder • The seat fits 
within a recess in the valve means 6 that mounts 
upon the frame 8. The connecting flange 18 is 
clamped to the valve means 6 by clamp 22 and 

5 set-screw 23 • 

The end of the piston rod 17 remote 
from piston 16 carries a mounting flange 19 made 
from magnetic material. In the particular embodi- 
ment illustrated, the motinting flamge 19 carries 

10 on its periphery an o-ring 20 with which to secure 
to the flange a centering sleeve 21. The center- 
ing sleeve, as is more particularly illustrated 
in FIG. 7r centers the mounting flange 19 upon 
the end of an externally threaded lead-screw nut 

15 25 over which the sleeve fits. The nut 25 carries 
a permanent magnet 26 which holds the flange 19 
of magnetic material firmly to the top of the 
lead- screw nut centered thereon by sleeve 21. The 
sleeve 21 sealed by o-ring 20 to mounting flange 

20 19 also functions as an open resexrvoir to contain 
leaks or provide spill protection should a fragile 
glass syringe break, or fracture. 

The external thread 27 on the lead-screw 
nut 25 threads upon corresponding threads 28 formed 

25 on the internal surface of lead-screw sleeve 29 
which is rota tab ly moxinted in ball bearings 30 
upon frame 8. The sleeve 29 is rotated by a tooth- 
ed belt gear 31 and drive belt 32 by servo motor 
drive means 33 shown in FIG. 2. 

30 The lead-screw nut 25 is restrained from 

rotation relative to this sleeve 29 by the pair 
of brackets 34 mounted at one end upon the frame 8 
as shown in FIGo 7 and passing through slots 35 
formed in the lead- screw nut 25. The brackets are 

35* secured at the bottom ends also to the frame 8 by 
means of a slotted plate 36 which fits over the 
free end of each bracket and is screwed to the 
frame as is illustrated in FIG. 5. 

The valve means 6 mounted in fluid 
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communication with the blind end of each metering 
syringe is more particularly shown in FIGS. 8-11. 
Each includes a valve body 40 having a generally 
planar valve seat 41 bored with four ports 42,43/ 
44 and 45 as illustrated in PIG. 10. The illus- 
trated ports are in diametrically opposed pairs 
and each is equidistant from the rotational 
axis of a mating rotor 46. The spring-loaded rotor 
46 has a replaceable seating face 47 having a fluid 
communication groove 48 on its valving face which 
commxinicates pairs of the ports 42,44 or 43,45 with 
one another in a programmed selection sequence by 
valve actuator means 7. The valve actuator may be 
a gearhead motor or the illustrated drive motor 
49 geared to a drive shaft 50 that is biased by 
spring 51, ball 52 and sleeve 53 against the rotor 
46 to hold the rotor in fluid-tight seating rela- 
tionship with the valve seat 41. The pin 54 carried 
on drive shaft 50 mates with a recess 55 in the 
sleeve 53 and pin 56 on the sleeve mates with 
recess 57 in rotor 46 to enable the actuator means 
7 to rotate the groove 48 into selected communication 
among the valve port pairs 42,44 or 43,45. 

The hand-held probe 2 may carry electrical 
switches for actuating the delivery and aspiration 
cycles by energizing the valve actuator 7. The 
probe also may include indicating means showing the 
instantaneous status of the sequential mode of 
operation. The probe handle clamps to chemically 
inert tubing communicating it with the valve means 
6 for one or several of the metering syringes. The 
tubing is bundled with electric conductors connect- 
ing the probe switches, microprocessor and valve 
actuating means. 

The particular hand-held probe 2 illus- 
trated in FIGS. 1 and 17 is shown in more detail in 
FIGS. 18-20* It comprises a handle 6 0 formed of an 
elongated bar of tubular or rectangular cross- 
section material, such as plastic, having a longi- 
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tudinal circular bore 61 in the embodiment shovm. 
A tube holder 62 fits within the bore preferably 
in an interference fit. The tube holder is gener- 
ally tiabular in shape with internal bore 63 and 
5 at the one end has a goose-neck configuration with 
a pair of reverse curves 64^ 65. The tube holder 
62 ends beyond the goose-neck in a nose portion 66. 

The tube holder 62 carries within it 
Teflon flexible pipette tubing 67 frequently used 
10 in pipetting which communicates with the valve 

means 6. The tubing 67 trains' through the inter- 
nal bore 63 of holder 62. The reverse curves at 
64 and 65 provide interference or frictional 
engagement of the tubing 67 against the interior 
15 walls of the bore 63 and hold the tubing 67 firmly 
within tube holder 62 during normal operation. On 
the other hand^ txibing 67 can easily be replaced 
by pulling it out of the tube holder and inserting 
another piece of Teflon pipette tubing. The tube 
20 holder may be secured within handle 60 by an an- 
nular groove 68 around its periphery and a set 
screw 69 as shown in PIG. 20. This arrangement 
permits the operator to twist the tube holder with- 
in handle 60 to provide any 360" orientation for 
25 the nose portion 66 as the operator sees fit. The 
interference fit holds the selected orientation. 

In the probe 2 illustrated in PIGS. 18-20 
a pair of pressure switches 71, 72 mount in handle 
60 adjacent to a push button 73 pivoted at 74 by the 
30 pressure of the thumb 75 of the operator into con- 
tact with one or the other of pressure switches 
71, 72. Appropriate electrical conductors 76 
connect the probe switches 11,12 to the microproces- 
sor and ' electronic valve actuating means mounted on 
35 the dispenser frame. The probe 2 may also include 

indicating means such as light emitting diodes 77,78 
to indicate the instantaneous state of the dispenser's 
sequential mode of operation. For example, LED 77 
may light to indicate that the probe is ready to 
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dispense sample or reagent and/or LED 78 may light 
to indicate the probe is ready to draw in sample 
or reagent. 

Operation of the illustrated dispenser 
is automated by a local microprocessor control 
using keyboard 10. The dispenser operation also 
can be controlled by a programmed remote computer 
or a local preprogrammed ROM cartridge for specific 
dedicated service. The computers control the 
stroke and speed and sense the instantaneous 
position of each piston 16 in the metering syringes 
so that those parameters can be varied upon a 
command inputed through the keyboard 10 or remote 
computer interface. 

Various modes of operation may be selected 
and preprogrammed into the illustrated microprocessor 
including the basic liquid transfers of drawing 
fluid into each syringe from the reagent reservoir , 
dispensing fluid from the syringe into the reagent 
reservoir r drawing fluid into the syringe from the 
sample probe tubing or dispensing fluid from the 
syringe into the sample probe tubing. Various modes 
of operation are obtainable including a dispense 
mode wherein a measured volume of liquid is drawn 
into a syringe from the reagent reservoir and then 
dispensed. In a pipette /dilute mode a measured 
volume of liquid is drawn from the reagent reser- 
voir and then one or more separate samples are 
aspirated into the sample probe tubing with air 
gaps separating one sample from another and from 
the reagent. Then the total content of the syringe 
may be dispensed back out through the sample probe 
tubing. Various wash, purge and other modes can 
also be programmed into the microprocessor. 

The microprocessor and electronic control 
for the described dispenser is illustrated schemat- 
ically in FIG. 21. It includes microprocessor 80 
with power supply 81. A bi-directional system 
bus 82 interconnects the microprocessor 80 with 
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a random access memory 83 , a programmed memory 
84, bit input-output circuitry 85 for the probe 
switches, valve actuator and syringe actuator and 
interconnects an internal timer 86. A hybrid 

5 servo control circuit 87 is provided for each 
syringe motor 33. Keyboard-display interface 
circuitry 88 connects the keyboard and display 
10 to the microprocessor 80 and has audible alarm 
89. The system bus 82 also may interconnect the 

10 microprocessor 80 with a universal synchronous/ 
asynchronous receiver transmitter (USART) and 
interface circuit 90 for connection with other 
devices such as an external computer control 
or perhaps a local preprogrammed cartridge memory 

15 for dedicated service. 

The foregoing components are generally 
available chips for various applications and in 
one embodiment of the system include: 

microprocessor ('80) Intel 8085 

20 RAM{83), bit I/o (85) Intel 8156 

and timer (86) 

ROM (84) Intel 2716 or 2732 

keyboard/display (88) Intel 8279 
USART (90) Intel 8251A with 

25 RS232C interface 

Each servo control circuit 87 is respon- 
sive to syringe piston velocity, direction and posi- 
tion and accurately positions, relative to one 
another, the lead-screw nut 25 and lead-screw sleeve 
30 29 which drive each piston rod 17 as illustrated in 
FIG. 5. The hybrid servo system shown in FIG. 21 
includes the bi-directional variable speed DC 
servo motor 33 shown in FIGS. 2, 3. A shaft en- 
coder 91, which by reference to FIG. 2, includes 
35 slotted disc 92 on the motor shaft and a pair of 

optoelectric sensing means 93,94 arranged in phase 
quadrature that sense the presence of the one- 
hindred-f if ty-five equally spaced slots 95 on 
disc 92. Each opto-electric sensing means can be 
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a light coupled LED and a corresponding photo- 
transistor, for example, to digitally encode 
syringe piston position, direction of movement 
and velocity as the rotating disc 92 interrupts 

5 the coupling. The encoder 91 supplies two trains 
of pulses in phase quadrature to tachometer con- 
verter 96 to control velocity and direction of 
motor rotation. The encoder 91 also supplies 
the pulses to position counter 97. It accvimu- 

10 lates the pulse count the total of which is rep- 
resentative of the instantaneous piston location 
from a "home" position. The tachometer converter 
96 and a velocity control DAC 99 each supply an 
analog output to error amplifier 98 which operates 

15 in velocity or position mode. Its output adjusts 
velocity and position by driving a pulse-width 
modulation motor driver 99 for the variable speed 
DC motor 33. 

The microprocessor 80 controls the hybrid 

20 servo 87 with eight output lines and receives 

information from the servo with five input lines. 
Five of the microprocessor output lines at 100 
comprise a five-bit velocity command to DAC 99 
of the servo with converts this command to a command 

25 analog current. The other output line at 100 sel- 
ects the sign of the velocity command to control 
polarity of the motor driver 99 and, thus, the 
direction of motor rotation. Another output line 
at 101 selects the velocity or position mode for 

30 servo operation. Another output line, not shown, 
acts as a chip enable for the servo motor driver 
99. Four of the input lines at 102 comprise a 
four-bit position word input to the microprocessor 
from the position counter 97- A fifth microprocessor 

35 input line 103 is the home position sensor input 
which indicates that the syringe piston 16 is at 
"zero" volume or its "home" position within 
cylinder 15. 

The hybrid servo system can operate in 
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two modes r i.e., a velocity mode or position mode. 
The servo starts out in velocity mode as the micro- 
processor outputs an increasingly larger five-bit 
velocity command word to the velocity digital- to- 
5 analog converter 99 along with a directional sign 
bit at 100* The time between successive velocity 
commands is variable to provide a variable acceler- 
ation characteristic in the converter output vol- 
tage. This parameter is keyed to various other 
10 system parameters such as currently programmed 
speed, current syringe size, probe tip size and 
fluid viscosity. The servo responds by acceler- 
ating syringe motor 33 to the commanded velocity 
and in the programmed direction. 
15 While the motor 33 is in motion the 

position counter 97 accumulates counts and is 
periodically polled by the microprocessor 80. 
In this way the microprocessor keeps track of 
the instantaneous V position of the piston 16, lead 
20 screw nut 25 and sleeve 29. As components approach 
their desired destination, the microprocessor causes 
the syringe motor 33 to decelerate by outputing 
successively smaller command words to DAC 99. The 
point at which each command outputs is determined 
25 by a variable lookup table in the software- Each 

entry in the table represents the number of position 
counts remaining in the current stroke and the posi- 
tion in the table represents the velocity DAC 
command appropriate for that number of counts to 
30 be sent to DAC 99. The microprocessor periodically 
compares the niimber of counts remaining with the 
table entry for the current velocity DAC command. 
If the table entry is less than the current number 
of counts remaining, the velocity DAC command is 
35 not changed. If the table entry is greater than 
or equal to the number of position counts remain- 
ing, the velocity DAC word is decremented by one 
and a comparison is made with the next table entry 
until one is found which is less than the number of 
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count:s* This process in -then repeated until the 
piston terminal is reached. This strategy controls 
piston velocity to optimize liquid delivery per- 
formance by minimizing undesirable effects such 

5 as liquid cavitation, frothing, splashing and de- 
natur ation . 

When the piston and lead-screw elements 
reach their desired position the microprocessor 
outputs a zero velocity word and switches the servo 

10 to position mode. This stops the syringe motor 

and locks it in place with an electronic detenting 
action • Should the encoder 91 supply a pulse to 
tachometer converter 96 in this position mode, 
error amplifier 98 is directed to supply a counter- 

15 ing output to hold the piston position. 

Mechanical system backlash which can occur 
between the lead screw nut 25 and sleeve 29 or in 
the drive belt 32 or between syringe piston rod 
17 and Teflon syringe tip and thereby cause im- 

20 precision and inaccuracy ^ is taken out of the 
system by the microprocessor 80 which adds a 
small amount of piston travel to every downward 
displacement of the piston and returns up the 
same amount as the piston moves upward to the end 

25 of the piston motion or "home" position to which 
the piston is always returned. Thus, the servo 
control always approaches its final home destin- 
ation moving. in the "up" direction to subtract 
any backlash and thus prevent it from affecting 

30 system precision and accuracy. 

The "soft home" detector 104 for the 
described dispenser includes another optically- 
coupled LED-phototransistor sensor 112 shown 
in FIGS- 6,7 which has its optical coupling inter- 

35 r up ted by flag 113 mounted upon a flexure 114 

secured to the frame 8 at the "soft home" position 
when abutment screw 115 on the lead-screw nut 25 
moves the flag 113 upwardly to interrupt the 
optical coupling. The screw 115 permits adjustment 
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of a precise "soft home" position short of the ab- 
solute or "hard" end of the piston stroke. 

The valve motor 49 may be a pexnnanent 
magnet synchronous motor driven in one direction 

5 with AC current from a secondary winding of the 
power transformer in power supply 81. It is 
controlled by the microprocessor 80 through opto- 
electric valve position encoder 105 and a triac. 
The valve position encoder 105 consists of a pair 

10 of sensors that are optically-coupled light 

emitting diodes and phototransducers 106 shown 
in PIGS. 2 and 3. They sense the presence of 
one of two differently positioned sets of slots 
107, 108 on disc 103 that is attached 'to the 

15 drive shaft 50 for valve rotor 46. One set 

of slots is on the disc periphery in one diamet- 
rically opposed pair,. as at 107 shown in PIG. 2A, 
and represents the valve position with groove 48 
communicating ports 43,45. The other set is cut 

20 inwardly from the disc edge in a diametrically 

opposed pair 108 to represent the port 42,44 po- 
sition of the groove. The coupled light between 
the paird LED and photo trans is tor sensors 106 
detects the valve position, with groove 48 communi— 

25 eating one or the other pairs of ports 43,45 or 

42,44. The position information is fed to the valve 
controller 106 that interfaces with microprocessor 
80. To switch the position of the valve groove 48, 
the microprocessor 80 turns on valve motor 49, 

30 which rotates the valve rotor 46 in one direction, 
and then polls the status of the valve position 
detector until the desired valve position is 
reached. 

In reference to the keyboard 10 of FIG. 
35 4 the operator initially presses the mode key and 
then may select one of the modes on the other keys 
by pressing for example, the dispense, pipette, 
transfer, etc. key to select the desired mode. If 
the dispense mode has been selected, the letters 
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DP appear in the "mode" display and the current 
value for the amount of reagent to be dispensed 
appears in the "reagent" display • The operator 
may press the "enter" button to accept the dis- 

5 played reagent qusmtity or enter a new value 

in RAM 83 by depressing appropriate numeric keys 
and then entering its value which also appears 
on the "reagent" display « Upon entering the new 
value/ the indicator LED 78 for intake on the probe 

10 2 is energized and the displayed amount of reagent 
then can be drawn into the syringe by pressing the 
push button 73 on the probe to actuate switch 72. 

The microprocessor then enables the syringe 
motor 33 in the down stroke direction. Its speed is 

15 accelerated in accord with the program stored in 
ROM 84 relative to instantaneous stroke position 
accumulated in position counter 97. The measured 
volume of reagent is drawn into the syringe from the 
reagent vessel 4* The microprocessor decelerates 

20 and then stops the motor 33 at the selected stroke 
volume. The dispense LED 77 lights and depression 
of push button 73 to actuate switch 71 dispenses 
reagent to pipette tubing 57 at probe 2 with the 
piston 16 returning to the soft home position. 

25 The microprocessor disables the motor drive when 

that position is detected by the soft home detector 
104. 

Corresponding positioning of valve rotor 
46 is accomplished by the microprocessor to switch 

30 the fluid communicating groove 4 8 for example, to 

the intake position shown for the right-hand syringe 
of FIG. 12 to connect the syringe port 4 3 with 
reagent intake port 45 to draw reagent into the 
syringe. At the bottom end of the stroke valve 

35 motor 49 switches the groove 4 8 to communicate 
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the syringe discharge port 42 to port 44 coiranuni- 
cating with pipette tubing 67 as is shown in FIG. 
13 for the right-hand syringe. 

The pipette and other modes can be simi- 

5 larly entered in the keyboard to draw in reagent 
as previously described. In pipette mode the 
operator selects a volume for each of the reagent 
and the desired number of samples by depressing 
the appropriate mode and digit keys and enters those 

10 values which appear in the reagent and sample dis- 
plays along with a numeral to identify each par- 
ticular sample. The microprocessor enables the 
motor drive 99, the syringe draws in the entered 
amount of reagent and stops. The valve switches 

15 to dispense position and the piston moves down 
to draw an air gap into the end of tubing 67 
from atmosphere to separate reagent from the first" 
sample and the valve returns to intake position. 
The operator then places the probe in the sample 

20 reservoir, depresses the button 72,73 to draw 

sample into the probe. The operator repeats the 
sample take up for others that may be entered on 
the keyboard each time with an air gap between 
them. The operator then places the probe in posi- 

25 tion to dispense the entire contents of the pipette 
tubing and depresses the dispense button 71 to do 
so as described above. 

Various modifications of the described 
dispenser microprocessor and control electronics 

30 will become apparent to those skilled in the art 
within the scope of the invention that is defined 
in the following claims. 
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CLAIMS 

1. An automated liquid dispenser com- 
prising: a frame; at least one demountable pre- 
cision metering syringe mounted on the frame; a 

5 motor driven syringe actuator for each metering 

syringe; valve means for selectively connecting 
the cylinder of each metering syringe to one of a 
ssonple probe, reagent reservoir, atmosphere or another 
syringe cylinder; a valve actuator for selecting the 

10 position for each valve; and a microprocessor control- 
ler for the syringe and valve actuators programmed 
in response to a preselected sequence of operating 
commands • 

2. In an automated liquid dispenser having, 
15 a frame, at least one precision metering syringe with 

a precision bored cylinder and a piston carried on a 
piston rod reciprocable within the cylinder, valve 
means for selectively connecting the syringe cylin- 
der to one or more of a set of intake and delivery 

20 valve ports and a motor driven syringe actuator on 

the frame for reciprocating the syringe, an improved 
quick-release chucking arrangement comprising: a 
first mounting means on the blind end of the cylin- 
der; clamp means for mechanically clamping the first 

25 mounting means and cylinder to the valve means in 

fluid-tight communication; a second magnetic mounting 
means on the piston rod external to the cylinder; 
and permanent magnet means on the syringe actuator 
for holding the magnetic mounting means securely 

30 to the actuator. 

3. The liquid dispenser of Claim 2, 
wherein the magnetic mounting means is a flange hav- 
ing the same diameter as the syringe actuator abutting 
it and further comprising a centering tube sleeved 

35 over the flange and the abutting portion of the 
syringe actuator. 

4. The liquid dispenser of Claim 2 or 3 , 
wherein the syringe actuator comprises: an internally 
threaded lead-screw sleeve rotatably mounted on 
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the dispenser frame; drive means for rotating the lead- 
screw sleeve; an externally threaded lead-screw nut 
within the sleeve for seating the rod end of the 
syringe; and clamp means on the frame restraining 
5 the lead-screw nut from rotation with respect to the 

sleeve. 

5. A valve comprising: a valve body hav- 
ing a valve seat and ports passing through the surface 
of the valve seat each for communication with a 

10 separate fluid conduit; a valve rotor having a seating 
face shaped in conformance with the valve seat and 
seated in fluid-tight contact with the valve seat; a 
fluid coramxinication groove formed in the seating face 
of the rotor to coimtivmicate selectively a pair of 

15 valve ports with one another; and spring bias means 
pressing the seating face of the rotor into fluid- 
tight contact with the valve seat. 

6. The valve of Claim 4, further compris- 
ing valve actuator means for stepping the rotor from 

20 one set of port communication positions to another. 

7. The valve of Claim 4 wherein the ports 
are arranged in diametrically opposed pairs and each 
port is equidistant from the rotational axis of the 
rotor . 

25 8. In an automated liquid dispenser hav- 

ing at least one metering syringe with a precision 
bored cylinder and a piston reciprocable within the 
cylinder, valve means for selectively connecting the 
syringe cylinder to one or more of a set of intake and 

30 delivery valve ports , a syringe actuator having a thread- 
ed lead-screw and a lead-screw nut for reciprocating the 
piston within the syringe cylinder, improved servo 
controlled drive means for rotating the lead-screw and 
lead-screw nut relative to one another comprising: 

35 a bi-directional variable speed motor rotating one 
or the other of the lead-screw and nut? an encoder 
developing from the motor rotation a train of pulses 
each representative of an increment of piston travel 
with their repetition rate representative of piston 
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velocity; a driver for said motor; a position counter 
accumulating the pulses in said encoder pulse train; 
a microprocessor for polling the position counter and 
comparing its accumulated cotint to a predetermined 

5 memory-stored count representative of lengths of 
piston stroke, and for disabling the motor driver 
when the accumulated count in the position counter 
reaches the memory-stored count corresponding to a 
preselected stroke length. 

10 9. The liquid dispenser of Claim 8, 

further comprising: an error amplifier for supplying 
a variable velocity control signal to the driver 
for said motor; a tachometer converting the pulse 
train from the encoder to an analog voltage pro- 

15 portional to velocity of piston travel that is sup- 
plied to the error amplifier; a digital-to-analog 
converter also output ing an analog voltage to the er- 
ror amplifier; and a microprocessor supplying a velo- 
city command signal to the digital-to-analog conver- 

20 ter in accord with memory-stored values relative to 
stroke end to cause an increase in converter output 
voltage during a preselected acceleration portion and 
a decrease in converter output voltage during a pre- 
selected deceleration portion of the piston stroke. 

25 10. The liquid dispenser of Claim 9, 

wherein the microprocessor periodically polls the 
position counter to ascertain the instantaneous posi- 
tion of the piston in its stroke, compares that count 
with the number of counts remaining in a preselected 

30 length of stroke for the piston and then outputs a 
velocity control command to the digital-to-analog 
converter corresponding to that position. 

11 • The liquid dispenser of Claim 8, 9, or 
10, further comprising: a valve position encoder 

35 that supplies a position signal to the microprocessor 
representative of the position of the intake and 
delivery valve ports; and wherein the microprocessor 
in coordination with reciprocation of the syringe 
piston switches the valve position in a memory- 
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s-bored sequence • * ' 

12. The liquid dispenser of Claim 9/ 
wherein a soft home detector senses piston arrival 
at a home position near one end of the piston 

5 stroke and causes the microprocessor to disable the 

motor driver upon the piston arrival at the home 
position. 

13. The automated liquid dispenser of 
Claim 9g wherein the microprocessor at the terminal 

10 end of each piston displacement switches the error 
amplifier to position mode to output a corrective 
signal to the motor driver upon receipt of any sig- 
nal from the tachometer converter. 

14 . The liquid dispenser of any of Claims 
15 8 to 13, wherein the microprocessor adds an in- 
crement of piston travel for every piston displace- 
ment away from a home position and subtracts that 
increment as the piston returns to said home posi- 
tion. 

20 15. A hand-held probe for manipulating 

flexible pipette tubing in an automated liquid dis- 
penser comprising: a handle having an Internal bore; 
and a tube holder sleeved within the handle bore 
and Itself having a central bore for receiving the 

25 flexible pipette tubing,, one end of the tube holder 

having a reversed curvature shape adjacent the handle 
to restrain movement of the flexible pipette tubing 
by frictional engagement of it against the walls of 
the bore at the reverse curvature. 

30 16. The probe of Claim 15 wherein the tube 

holder is rotatable in the handle bore with an 
interference fit for orientation of the reversed 
curvature as desired by the operator with respect 
to the handle. 

35 17. The probe of Claim 16, wherein the 

tube holder has an annular groove and receives a 
set screw mounted on the handle to secure the tube 
holder within the handle. 

18. The probe of Claim 15, 16, or 17, 
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further comprising: at least one pressure switch 
mounted on the handle; and push button means for 
selectively actuating the pressure switch by mani- 
pulation of the operator's thumb of the hand which 
5 grips the probe • 

19. The probe of Claim 15^ 16, 17 or 18, 
further comprising at least one indicating means 
for showing the state of the mode of operation of 
the dispenser. 
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